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The  Occasional  Papers  of  the  Southern  Forest  Experiment 
Station  present  information  on  current  southern  forestry  prob- 
lems under  investigation  at  the  Station.  In  some  cases  these 
contributions  were  first  presented  as  addresses  to  a limited 
group  of  people,  and  as  '‘occasional  papers’’  they  can  reach  a 
much  wider  ru.diencee  In  other  cases they  are  summaries  of 
investigations  prepared  especiall}/  to  gi'-re  a report  of  the 
progress  made  in  a particular  field  of  researclu  In  any  case, 
the  statements  herein  contained  should  be  considered  subject 
to  correction  or  modification  as  further  data  are  obtained. 
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THE  USE  OF  CHEMICAL  STIMULANTS  TO  INCREASE  GUlvI  YIELDS 
IN  SLASH  AIJD  LONGLEAF  PINES 


By  Albert  G.  Snow,  Jr.,  Associate  Physiologist 
Southern  Forest  Experiment  Station 


n^'TRODUCTION 

Chemical  stimulation  of  gum  flow  in  slash  and  longleaf  pines  started  on 
an  exploratory  basis  on  the  Olustee  Experimental  Forest  in  193^.  As  there  was 
no  particular  need  for  increased  supplies  of  naval  stores  at  that  time,  the 
work  was  conducted  on  a very  limited  basis.  However,  with  the 'events  which  led 
to  YiTorld  V'Tar  II  and  the  accompanying  increased  demand  for  naval  stores,  this 
v/ork  'was  given  strong  im.petus  and  the  original  studies  w-ere  intensified  and 
expanded.  Considerable  experimental  data  are  now  available  on  chemical  stimu- 
lation, including  the  results  v/hich  can  be  expected  under  field  conditions. 

A description  of  these  studies  and  the  conclusions  drawn  from  them,  are  pre- 
sented in  this  paper,  which  summarizes  progress  to  date  with  particular  em- 
phasis on  the  work  of  19^2  and  19U3» 

HISTORICAL  BACKGROUND 

Following  World  War  I,  Germany  and  Russia  initiated  intensi-ve  programs 
to  improve  and  expand  their  naval  stores  industries.  It  was  during  this 
initial  period  of  expansion,  when  these  countries  were  attempting  to  devise 
means  of  becoming  self-sufficient  in  all  important  raw  materials,  that  the 
use  of  chemicals  to  stimulate  gum  yields  first  received  attention. 

The  Germans  (12,  13,  17,  23)  initiated  studies  in  the  use  of  chemicals 
to  stimulate  gum  flow  in  1933 » nnd  somewhat  similar  work  w'as  s'tarted  in 
Russia  (1,  30,  31^  32,  3U)  at  about  the  same  tim.e.  In  these  early  explora- 
tory experimients  many  different  types  of  chemicals  were  used  as  liouids, 
solids,  or  gases,  and  included  acids  (organic  and  inorganic),  bases,  pure 
sal'cs,  various  solvents,  oxidizing  and  reducing  agents,  poisons,  and  relative- 
ly inert  substances  like  alcohol,  sugars,  ether,  and  oils. 

Many  of  the  substances  tested  exhibited  a-  stimulating  action  on  the 
flow  of  gum.  A few,  such  as  sulphuric  and  hydrochloric  acids,  and  sodium  and 
potassion  hydroxides,  'were  outstanding.  Much  of  the  subs eouent  work  has  been 
with  these  chemicals.  The  small  attention  given  the  other  chemicals  does  not 
preclude  their  potential  value  in  stimulation,  but ' indicates  simply  that  in 
the  con  centra's  ions  tested,  and  under  the  experimental  conditions  prevailing, 
they  did  not  cause  as  m.uch  increase  in  gum  flow  as  the  tv/o  acids  and  bases 
mentioned. 

Many  different  teclmioues,  as  well  as  chemicals,  v/ere  tried  in  the 
early  European  wrork.  These  included  methods  of  applying  chemdcals.,  varia- 
tions in  chipping  heights  and  -depths,  and  different  frequencies  of  treat- 
ment and  chipping.  . ^ ■ 


In  this  country  the  first  work  on  chemical  stimulation  was  started  in 
1936  as  a cooperative  study  by  the  Southern  Forest  Experiment  Station"  IT.  S. 
Forest  Service,  at  the  Olustee  Experimental  Forest,  Lake  City,  Fla.,  and  the 
Bureau  of  Agricultural  and  Industrial  Chemistry  (formerly  Bureau  of  Chemistry 
and  Soils).  Results  of  this  early  exploratory  study  were  inconclusive.  At 
tliat  time  there  was  a sui'plus  of  turpentine  and  rosin,  prices  were  low,  and 
there  was  little  interest  in  chemical  stimulation,  but  in  1958  a larger  ex- 
periment was  started  to  explore  the  possibilities  further  (18). 

The  promising  increases  in  yield  obtained  in  the  1938  experiment,  even 
at  the  low  concentrations  in  which  the  stimulants  were  used,  gave  further  im- 
petus to  research  and  additional  work  on  yield  capacities  of  individual  trees 
was  done  in  I9U0.  These  yield  records  served  as  the  basis  for  dividing  the 
trees  into  yield-capacity  groups  which  were  almost  identical.  Then  in  the 
1914.1  season  one  group  of  trees  was  worked  untreated,  and  the  others  assigned 
treatments  which  covered  a wide  concentration  range  of  sulphuric  and  hydro- 
chloric acids,  the  two  chemicals  giving  best  results  in  the  former  experi- 
ments. The  results  of  this  study  (19>  20)  formed  an  important  link  in  the 
chain  of  evidence  upon  which  recommendatTons  to  industry  v/ere  made  in  1914-2  (20) 
and  I9U3  (^).  ~ 

Shortly  after  our  entry  into  World  ¥\rar  II  an  intensified  research  pro- 
gram on  the  use  of  chemical  stimulants  was  instituted.  This  covered  the  use 
of  many  different  chemicals  in  varying  concentrations,  numerous  variations 
in  chipping  and  treatment  schedules,  variations  in  height,  depth,  and  fre- 
quency of  chipping,  studies  on  species  differences,  and  the  effect  of  chemi- . 
cals  on  gum  ouality  and  the  health  and  vigor  of  the  trees.  The  results  of 
this  latest  work  are  summarized  in  this  paper  and  provide  a basis  for  the 
latest  recommendations  to  the  industry  (25).  Further  intensive  tests  ;are 
underway  and  additional  data  will  be  reported  as  available. 

EXPERIMENTAL  TECHNIQUES  . 

In  testing  the  influence  of  any  treatment  on  yields  from  naval  stores 
streaks,  it  has  been  found  necessary  to  determine  the  natural  yielding  capacity 
of  all  trees  and  to  arrange. the  trees  into  treatment  groups  of  approximately 
the  same  capacity.  The  natural  yielding  capacity  of  trees  varies  not  only 
with  bole  size  and  crown  development  but  also  with  site  and  possible  inherent 
dualities  (27)*  The  most  effective  manner  of  detemining  the  yielding  capacity 
of  a tree  waT  found  to  be  through  a calibration  period  of  several  v/eeks  in 
which  the  tree  is  subjected  to  standard  chipping  practice  and  the  yields  care- 
fully weighed.  In  these  experiments  it  was  found  that  the  yielding  capacity 
of  a tree  usually  could  be  determined  from  1}.  standard  l/2-inch  streaks  applied 
weekly.  Both  extremely  high  and  extremely  low  producing  trees  were  excluded 
frcmi  the  treatment  groups  used  in  the  studies. 

Assignment  of  trees  to  trea'tment  groups  was  done  at  random  within  each 
yield  class,  resulting  in  a moderately  uniform  distribution  of  trees  of  yield- 
ing capacities  varying  from  the  low  to  the  high.  The  general  yielding  level 
of  each  group,  before  treatments  started,  was  then  essentially  similar,  so  • 
that  differences  observed  in  yield  between  groups  could  be  attributed  pri-. 
marily  to  treatment.  Enough  replications  were  used  for  each  treatment  so  that 
statistically  significant  yield  differences  greater  than  about  I5  to  30  per- 
cent could  be  detected,  the  precision  depending  on  the  purpose  of  the  specific 
experiment. 
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Species  differences  in  response  to  chemical  treatment  were  noted  in  early 
work,  so  most  experiments  were  set-  up  for  both  slash  'and  longleaf  pines  in  order 
to  find  the  optimum  treatment  applicable  to  each.  Second- growth  stands  of  slash 
and  longleaf  of  'varying  ages  and  diameters  and  chiefly  of  a single  species  were 
used  in  the  tests,  representing  the  range  of  timber  types  in  the  vicinity  of 
Olustee,  Fla. 

Gum  yields  were  obtained  for  each  tree  at  regular  intervals  throughout 
the  season,  either  weekly  or  biweekly;  in  one  instance  gum  yields  after  1 and 
3 days  were  also  obtained.  This  method  provided  data  on  the  trend  of  yield 
response  for  individual  trees  as  Vvi-ell  as  treatments.*  Valuable  information  on 
effective  treatm.ent  periods  v^as  also^  obtained  by  this  procedure. 

Miscellaneous  details  of  experimental  technioue  include  face  'widths 
one-third  of  the  circumference  on  trees  over  9 inches  d.b.h.,  although  standard 
uniform  widths  were  used  on  all  trees  in  certain  experiments.  Galvanized 
gutters  and  aprons  were  inserted  ivith  a broadax.  Streaks  were  cliipped  l/2-inch 
deep  and  l/2-inch  high,  using  a No.  -0  hack  unless  otheriArise  specified.  In  the 
early  work  the  chemncal  solution  'was  applied  w'ith  a brush,  or  glass  cloth  swab. 
Later  a nasal- type  spray  atomizer  was  used.  In  more  recent  experiments  chemi- 
cslIs  were  applied  with  a special  spraygu:n  eouipped  with  a hand  pump.  All  ex- 
periments were  so  designed  as  to  allow  for  statistics.!  exemination  of  the  data, 

investigational  work  mnid  results 

The  general  objectives  of  this  research  on  chemical  stimulants  were  to 
detemine  the  best  chemical  treatments  to  increase  the  production  of  gum  naval 
stores,  and  to  develop  methods  fox*  the  use  of  chemicals  adapted  to  conditions 
in.  'the  industry,  " ■ 

To  accomplish  'these  objectives,  nujnerous  experiments  were  imdertaken 
during  the  19^2  cjcid  19U3  seasons,  covering  many  phases  of  chemical  stimulation. 
Since  some  experiments  were  quite  comprehensiv-e,  cross  references  "will  be  made 
frecue'nt.ly  under  the  separate  headings  in  the  folloxvihg  disc'ussions . 

• The  results  from  some  of  these  studies  are  tentative  in  character,  as 
only,  preliminary  tests  were  made,.  In  other  instances  the  results  are  quite 
indicative  of  what  may  be  finally  expe-ctod,  because  supporting  evidence  is 
either  available  in  replications  in  the  station *s  v'^ork,  or  substantiated  by 
'workers  in  other  countries.  .The  qualifications  applicable  to  each  phase  of 
study  are  pointed  out  in  detail  in  the  discussion  so  as  to  avoid  erroneous 
conclusions.  • 

Effectiveness  of  Diffei-ent  Chemicals 

Many  chemicals,  some  of  which  ive re  tested  at  numerous  concentrations , 
have  been  used  during  the  last  10  years  in  attempts  to  increavse  gum  yields 
by  the  use  of  chemical  stimulcoe'bs . The  results  have  va.ried  from  an  increase 
of  a.bout  250  percent  to  a decrease  of  almost  UO  percent,  Som.e  chemicals  have 
proven  to 'be  very  consistent  in  their  effect;  others  were  variable.  In  gen- 
eral, strong  a.cids  cead  strong  bases  have  been  the  classes  of  chemicals  giving 
the  best  results,  -a.l'though  some  inorganic  salts  have  indica'bed  pi'omise.  Tables 
1,  2,a-and  3 sunaiiarize  ‘■the  general,  results  obtained  with  a"' variety  of  chemicals 
in  Europe  arid  at  the*  Southern  Forest  Ex.periment  Station. 
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' The  results  of  Kublun  and  others  (table  1)  show  that  a great  many  chemi- 
cals exert  a stimulating  effect  on  gum  production  in  Scotch  pine,  Pinus  syl- 
vestris,  varying  markedly  in  intensify  of  effect  for  the  different  chemi cals • 
The  reported  amount  of  stimulation  is  very  high  when  compared  to  our  results 
with  slash  and  longleaf  pines,  but  several  factors  are  involved.  Fundamental 
species  differences  in  response  to  applied  chemicals  probably  exist.  Scotch 
pine  is  an  extremely  poor  gum  producer  when  judged  by  our  slash  or  longleaf 
pine  standards,  or  even  by  those  for  the  maritime  pine  in  France  or  the  Aleppo 
pine  in  Spain  and  Portugal.  Small  increases  loom  larger,  with  a relatively 
small  total  amount  in-volved,  when  expressed  on  a percentage  basis.  Thus  an 
increase  of  200  percent  on  a crop  would  amount  to  a total  yield  of 

150  barrels,  while  on  a 100-barrel  crop  (rather  low  by  our  standards)  an  in- 
crease of  only  50  percent  would  result  in  the  same  total  yield. 

The  fact  that  Scotch  pine  shows  a positive  response  to  many  chemicals 
would  appear  to  indicate -a  more  sensitive  species  capable  of  response  to  a 
relatively  weak  stimulation.  On  the  other  hand  slash  and  longleaf  might  be 
capable  'of  a -stronger  ''buffering”  capacity  in  resisting  change  by  added  chemi- 
cals. The  fundamental  mechanism  of  response  to  applied  chemicals  may  also 
contribute  to  this  differential  reaction. 

All  acids  used  caused  some  gum-flow  stimulation  at  certain  concentra- 
tions, but  only  two  were  consistently  outstanding  in  promoting  large  increases 
in  gum  production,  namely,  sulphuric  and  hydrochloric  acids.  After  initital 
experiments  here  and  abroad,  most  subsecuent  work  concerned  these  two  chemi- 
cals, which  were  used  in  a number  of  concentrations  with  variations  in  chipping 
technioues  and  treatment  schedules.  Other  inorganic  acids  such  as  nitric  and 
phosphoric  were  relatively  ineffective  at-  the  lower  concentrations  but  caused 
a considerable  increase  in  gum  flow  at  extremely  high  concentrations.  It  is 
difficult  to  reconcile  the  fact  that  sulphuric  but  not  nitric  acid  brings 
about  large  increases  in  the  flow  of  gum,  although  both  are  strong  acids  in  a 
chemical  sense.  A number  of  inorganic  acids  had  little  effect  on  gum  yields; 
these  include  boric,  chromic,  and- perchloric  acids.  Oi'ganic  acids,  such  as 
acetic,  formic,  lactic,  picric,  pyrogallic,  and  tannic  acids,  were  relatively 
ineffectual.  Certain  growth  substances  such  as  indoleacetic,  indolebutyric, 
and  naphthaleneacetic  acids  in  the  strengths  and  combinations  used  gave  little 
promise  of  stimulating  gum  yields  markedly. 

Early  work  also  showed  that  strong  bases,  such  as  sodium  and  potassium 
hydroxides,  resulted  in  greatly  au^ented  gum  yields,  while  ammonium  hydroxide, 
a weak  base,  was  ctfily  effective  at  a very  high  concentration.  This  held  true 
for  Scotch,  slash,  and  longleaf  pines. 

Both  strong  acids  and  strong  bases  at  relatively  high  concentrations 
were  thus  found  to  be  effective  s,timulants  of  gum  yields.  That  both  classes 
of  chemicals  should  v/ork  almost  precludes  certain  theories  of  "acidity”  in 
explaining  the  basic  action  involved  in  chemical  stimulation,  although  changes 
in  acidity  of  tissue  immediately  above  the  face  probably  plays  an  important 
role. 


Many  salts  were  used,  ranging  from  common  table  salt,  sodiimi  chloride^ 
to  corrosive  or  poisonous  chemicals  like  potassium  bichromate,  ammonium  thio- 
cyanate, and  arsenic  pentoxide,  but  relatively  small  yield  responses  were  ob- 
tained. Other  relatively  inert  substances  like  a-lcohol,  glycerine,  and  sugar 
were  in  this  same  category.  At  other  concentrations,  and  other  means  of  ap- 
plication, some  of  these  may  prove  more  effective,  and  work  is  being  continued 
on  a moderate  scale  on  their  use. 


Table  1.-^  Results  of  several  foreign  inves.tigations  on  the  use  of  chemicals 
to  stimulate  gum  yields  in  Scotch  pine^  Pinus  sylvestris 


Investigator  and 

chemicals  t ested 


Percent 

cone entration 


Percent  increase  in  yield 

Streak  1 : Streak  2 


KUBLUN 


Acetic  acid 

10 

29 

10 

Acetic  acid 

50 

36 

♦ 

Acetic  acid 

cone. 

14.6 

* 

Formic  acid 

10 

52 

23 

Formic  acid 

50 

62 

* 

Formic  acid 

con  c • 

6o 

* 

Lactic  acid 

50 

57 

21 

Lactic  acid 

90 

U9 

37 

Ethyl- sulphuric  acid 

25 

Ik 

76 

Ethyl- sulphuric  acid 

50 

92 

89 

Sulphuric  acid 

10 

15 

Ih 

Sulphuric  acid 

25 

30 

82 

Sulphuric  acid 

50 

123 

118 

Hydrochloric  acid 

10 

17 

32 

Hydrochloric  acid 

25- 

118 

107 

Hydrochloric  acid 

35  • 

109 

100 

Lactic  acid 

25 

33  . 

15 

Phosphoric  acid- 

20 

♦ 

26 

Boric  acid 

3 

79 

68 

Potassium  hydroxide 

10 

13 

U5 

Potassium  hydroxide 

20 

57  , 

100 

Sodium  chloride 

10 

+ 

22 

Potassium  chloride 

10 

* 

37 

Potassium  chloride 

Uo- 

20 

32 

Potassium  carbonate 

ho 

5'2 

ho 

Hydrogen  peroxide 

3 

8 

22 

Phenol 

5 

♦ 

11 

Season 

Nitric  acid 

10 

61 

Nitric  acid 

25 

32 

Nitric  acid 

50 

75 

Alcoholic  acetic  acid 

25 

23 

Alcoholic  acetic  acid 

50  • • 

29  ' 

Alcoholic  formic  acid 

25 

39  - 

♦Indicates  no  difference  or  decrease 


Table  !•— continued 


Chromic  acid 

20 

hh 

Tannic  acid  . . 

20  • 

■ - 25 ■ 

Boric  acid 

5 part^ 
'10  parts  \ 

Sulphuric  acid 

■ - ■ 59 

Alcohol 

Boric  acid 

10  parts^^ 
3 part^ 

Sulphuric  acid 

10  parts  1 

Alcohol 

10  parts  I 

Water  . 

Sulphuric  acid 

Potassium  bichromate 

10  parts^J 

5 parted 
1 part  1 

1 

1 

1 59 

Vfat  er 

parts 

r 

Alcoholic  potassium  hydroxide 

10 

16 

Ammonia  hydroxide 

10 

7 , 

Ammonia  hydroxide 

20 

50 

Sugar 

5 

U • . 

Alum 

10 

12 

Sodium  acetate 

20 

U3 

Sodium  f ornate 

20 

38 

A1 CO hoi 

50 

♦ 

Alcohol 

95 

♦ 

Glycerine 

cone* 

21 

NIKOLAEV  i SINELOBOV  (^l)  . 
Chlorine  gas 

increases  . . 

Sulphuric  gas 

increases 

NIKOUEV  i SINELOBOV  (^)  . 
Sulphuric  acid 

6o 

li^il-  (average) 

Sulphuric  acid 

cone* 

250  (approx.) 

Hydrochloric  acid 

cone* 

103  (average) 

HESSENLAND  (l£) 

Sulphuric  acid 

50 

128 

Alcoholic  sulphuric  acid 

, 50. 

IOI+ 

Hydrochloric  acid 

10 

32 

Hydrochloric  acid 

25 

115 

Formic  acid 

6 

67 

Potassium  hydroxide 

10 

U5 

Potassium  hydroxide 

20 

111 

Ammonia  hydroxide 

10 

7 

Ammonia  hydroxide 

20 

50 

Sodium  chloride 

10 

22 

Calcium  chloride 

ho 

57 

♦Indicates  no  difference  or  decrease 
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Table  2.-  Gum  yields  of  longleaf  pine  treated  with  various  chemicals 
during  portions  of  the  19^  bea son  using'  l/^~x  l/2-inch  chipping~t 

the  Qlustee  Experimental  Forest 

: ^ Percent  : Percent  increase  {•+) 


Chemical  trea'bnent 

: 

c one  ent  rat i on 

: or  decrease  (■ 

Acetic  acid 

5 

-19 

Acetic  acid 

20 

-28 

Ammonium  hydroxide 

' 5.6 

-13  - 

iimmonium  hydroxide 

■ • lU 

Ammonium  hydroxide 

28 

+39 

Ammonium  sulphamate 

2.5 

+ 18  . 

Ammonium  sulphamate 

5 

- 5 .. 

Ammonium  sulphamate 

10 

+20 

Ammonium  sulphamate 

25 

- 6 ,, 

Ammonium  sulphamate 

ho 

-27 

Ammonium  thiocyanate 

2 

-2k  . 

Ammonium  thiocyanate 

5 

-25 

Ammonium  thicyanate 

10 

-17 

Arsenic  pent oxide 

18.8 

+ 7 . 

Arsenic  pent oxide 

37.5 

♦27 

Arsenic  pent oxide 

75 

± 0 .. 

Arsenic  trioxide 

0.15 

-18 

Arsenic  trioxide 

0.3  ; 

■ . . - 8. 

Arsenic  trioxide 

0.6  : 

-12  ' 

Borax-boric  acid’ 

10 

..  . 

Borax-boric  acid 

20  . 

-9: 

Borax-boric  acid  • 

50 

• . " ^ : + id  ' 

Ethylene  chi or hydrin 

5 

■ - 3 

S*thylene  chi  or  hydrin 

10. 

--1 

Ethylene  chlorhydrin 

20 

, . - 2 

Fomaldehyde 

10 

Formaldehyde 

25' 

4 4 ’ 

Forma Idehyde 

ho 

-3h 

Growth  substances: 

Indolebutyric  acid 

50  ppmH 

Indoleacetic  acid 

25  ppm  V 

. - 9 

Naphtha leneacetic  acid 

25  ppm  f 

Mercuric  chloride 

1 

-12 

Mercuric  chloride 

2 

-16 

Nitric  acid 

20 

-16 

Nitric  acid 

’ 33 

-16 

Nitric  acid 

50 

+ 10 

Perchloric  acid 

5 

-lU 
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Table  2,  - continued 


Perchloric  acid 

10 

. did 

Perchloric  acid 

20 

"■+10 

Phenol 

l.k 

- 7 

Phenol 

2.3 

-16 

Phenol 

7 

- 9 

Phosphoric  acid 

30 

■ - k 

Phosphoric  acid 

* 8 

Phosphoric  acid 

90 

+29 

Picric  acid  < 

0.17 

+10 

Picric  acid 

0.35 

-12 

Picric  acid 

i.U 

- 6 

Potassium  hydroxide 

5 

- 5 

Potassium  hydroxide 

10 

- k 

Potassium  hydroxide 

20 

+17 

Potassium  hydroxide 

ko 

+38 

Pyrogallic  acid 

5 

-36 

Silver  nitrate 

2.5 

- 9 

Silver  nitrate 

5 

-13 

Sodium  chlorate 

2 

- 7 

Sodium  chlorate 

5 

- 3 

Sodium  chlorate 

10 

+ 12 

♦Sulphuric  acid  + arsenic  pentoxide 

1 and 

1 

+20 

Sulphuric  acid  + arsenic  pentoxide 

1 and 

2 

■ +16 

Sulphuric  acid  + arsenic  pentoxide 

5 and 

1 

- h 

Sulphuric  acid  + arsenic  pentoxide 

5 and 

2 

- h 

Sulphuric-  acid  + arsenic  pentoxide 

10  and 

1 

+ 8 

Sulphuric  acid  + arsenic  pentoxide 

10  and 

2 

• +10 

Sulphuric  acid  + arsenic  trioxide 

4O  and  0.20 

+55 

♦For  more  ccanplete  infomation  on  results  with  sulphuric  acid  see  table  35 
and  for  chemical  combinations  see  table 
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Table  3* 


treatments  with  the 

most  promising  stimulants 

at  the  Olustee  Experi' 

menal  Forest* 

• Percent --v.  i. 

Percent  increase  (+) 

. or,. decrease  (-) 

Chemical  treatment 

: concentration  : 

Slash  Long leaf 

Weekly  chipping  and  treatment 


Hydrochloric  acid 

8 

+3U 

-30 

Hydrochloric  acid 

16 

+50 

- 2 

Hydrochloric  acid 

2k 

+ 7 

Hydrochloric  acid 

28 

— 

+ 9 

Hydrochloric  acid 

32  . 

. — ' 

+21 

Hydrochloric  acid 

35 

— 

+ 1 

Sulphuric  acid 

5 

-18 

-ih 

Sulphuric  acid 

20 

••  .•  ' - ■ +28 

-12 

Sulphuric  acid 

30 

' ' +29 

-12 

Sulphuric  acid 

ko  . 

. . - +63 

+35 

Sulphuric  acid 

6o 

+68 

+60 

Sulphuric  acid 

75 

— 

+U4 

Sulphuric  acid 

90 

+5U 

Sodium  hydroxide 

5 

+ 8 

+16 

Sodium  hydroxide 

15 

■ . . ' +I4.I 

+25 

Sodium  hydroxide 

25 

+37 

+38 

Sodium  hydroxide 

50 

+66 

Biv/eekly** 

chipping 

and  treatment 

Sulphuric  acid 

ho 

+22 

• - 8 

Sulphuric  acid  

6o 

+20- 

■ . +..9 

Sodium  hydroxide 

5 

- ...  -26 

-Uo 

Sodium  hydroxide 

25 

' • -19  , . 

-25 

Triweekly** 

chipping 

and  treatment 

Sulphuric  acid 

ho 

- 9 

-56 

Sulphuric  acid 

60 

-26 

-28 

”Skip^  - weekly  cliipping  and  biweekly  treatment 


Sulphuric  acid 

^0 

+1+5 

+32 

Sulphuric  acid 

60 

+kk 

Sodium  hydroxide 

5 

+19 

- 9 

Sodium  hydroxide 

25 

-^25 

* 1 

^Percent  increase  or  decrease  based  on  untreated  controls  chipped  l/2-  x 
l/2-inch  weekly. 

**Biweekly  and  triv^eekly  refers  to  chipping  and/or  treatment  at  two- 
or  three-week  intervals. 
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Table  U*  “ Gum  yields  of  slash  and  longleaf  pines  chipped  weekly 
and  treated  with  mri'^us'  cojfibinatlons 


Species,  type  of  chipping,,  and 

chemical  treatment* 

:No,  of  ; 

: streaks : 

Av.  yield 

in  grams 

; Per cent 

: increase 

Longleaf  I (Regular  l/2-  x l/2-inch  chipping) 

- 

Untreated 

10 

925 

— 

U.0%  Sulphuric  acid, 

10 

1053 

13.9 

U0%  H2S0]^-»-  0.956^  Cupric  sulphate 

10 

1029  ■ 

11.2 

h0%  H2SOL+  1.821;^  Potassium  aluminum  sulphate 

10 

131+6 

1+5.5 

H2S0|^+  0.619^  Zinc  sulphate 

10 

1206 

30.5 

Longleaf  II  (Regular  l/2-  x l/2-inch  chipping) 

Untreated 

21 

1969 

— 

U0%  Sulphuric  acid,  H2S0|^ 

21 

2501 

27.0 

U.0%  H2S0|^+  0.998-^  Sodium  arsenite 

21 

30i+9 

51+.9 

Slash  I (Regular  l/2-  x l/2-inch  chipping) 
Untreated 

15 

1562 

U0%  Sulphuric  acid,  HpSO^ 

15 

21+01+ 

53.9 

k0%>  H2SOL  + 0,998;^  Sodium  arsenite 

15 

2890 

8I+.9 

25^  Sodium  hydroxide,  NaOH 

15 

2233 

1+2.9 

25^  NaOH  + 0,998^  Sodium  arsenite 

15 

2271 

1+5.1+ 

Slash  II  (Bark  chipping  1^2  inch  high) 

Untreated 

9 

8 15 

— 

U0%  Sulphuric  acid,  H2S0|^  . , 

9 

1391 

70.6 

UO%  H2S0|^+  0.523i^  Potassium  phosphate 

9 

I61I+ 

97.9 

*T\ventieth  molar  concentrations  of  added  chemicals  were  used  in  this  pre- 
liminary v/ork,  thus  the  expression  of  concentration  in  percent  results  in 
decimal  figures. 
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Effectiveness  of  Chemic.al.  Combinations 


Certain  chemical  combinations,  involving  the  use  of  two  or  more  chemi- 
cals in  the  same  solution,  give  promise  of  being  even  better  . than  the  single., 
chemical  solutions  tested  to  date  (table  U) * This  effect  has  been  synergic 
in  more  than  one  instance, .the  stimulation,  results  being  more  than  additive 
for  the  chemicals  used,  and  is  typified  by  .the  yields  obtained  with  acid 
plus  arsenic  (38)  s.s  indicated  in  table  2. 

Tln'ee  of  the  four  chemical  combinations  tried  on  longleaf  pine  appear 
to  have  promise  as  effective  yield  stimulants,  Y'/'ith  slash  pine  t'.vo  of  the 
three  chemical  combinations  used  resulted  in  yield  increases  greater  than 
those  obtained  with  sulphuric  acid  alone.  All  were  considerably  above  the 
level  of  increase  obtained  with  Ij.O-percent  sulphuric  acid.  This  is  particu- 
larly noteworthy  since  concurrent  work  showed  that  in  general  i|.0-percent  is 
not  nearly  as  effective  as  60-percent  sulphuric  acid  on  longleaf.  The  in- 
creased yields  obtained  with  these  chemical  combinations  approached  the  best 
resulting  from  60-percent  sulphuric  acid  treatment. 

The  acid-arsenic  solution  gave  good  results  on  both  pine  species  with 
regular  chipping  l/2  inch  deep  and  l/2  inch  high.  Phosphorous  added  to  sul- 
phuric acid  also  gave  a greatly  augmented  yield  response  on  slash  pine  with 
bark  chipping  l/2  inch  in  height.  Added  ar in c sulphate  increased  yields  some- 
what on  longleaf,  ivhile  .potassium  aluminum  sulphate  re  suited  ...in.  even  greater, 
yield  increases  alm.ost  ecual  to  those  with  acid-arsenic.  The  latter  appeared 
best  on  longleaf,  among  the  chemicals  tried,  as  far  as  increased  yields  were 
concerned.  The  value  of  added  arsenic  in  chem.ical  stimulation  tecliniaues  is 
enhanced  by  its  influence  in  inhibiting  iron  corrosion  (38). 

An  acid-arsenic  solution  was  first  chosen  because  of  its  being  sja  in- 
hibitor of  iron  corrosion  (U).  The  success  of  this  combination  in  a subse- 
ouent  preliminary  test  of  it’s  effect  on  yields  led  to  trials  of  the  other 
combinations  listed.  The  choice  of  the  specific  chemicals  used  we.s  based  on 
their  relative  closeness  in  the  group  of  elements  called  heavy  metals,  and 
their  chemical  behavior,  particularly  as  catalysts  in  certain  reactions. 
Others  in  the  same  group,  such  as  antimony,  bismuth,  and  selenium  were  not 
used  for  reasons  of  availability,  cost,  and  possibly  lower  reaction  rates. 

These  results,  although  indicating  great  promise  for  chemical  com- 
binations, are  preliminary  in  character.  They  are  based  on  only  one  season 
of  work  and  are  far  short  of  encompassing  the  enomous  range  of  possible 
combinsitions  of  chemicals  and  concentrations  that  may  be  tested.  Further 
work  on  a moderate  scale  is  under  -way. 
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Table  5*  “ Yield  results  for  three  years  of  chemical  stimulation  ^^dth 


weekly  1/2-  x 1/2- inch  chipping 

oh  slas 

di  pine 

‘ ' • 

f! 

Chemical 

: Av.  yie^-d; 

: in  grams  : 

Percent  increase 

in  yield* 

treatment 

: igkO**  i 

_..19kl  i , 

191+2 

.191+5 

Untreated*** 

3585 

3790 

3676 

3606 

20;^  Sulphuric  acid 

3585 

28 

..  22 

20 

30^  Sulphuric  acid 

3585  " . 

29 

9 

11 

Uofo  Sulphuric  acid 

3585 

.U7 

17 

18 

8%  Hydrochloric  acid 

■3585 

3U 

13 

ih 

16%  Hydrochloric  acid 

’ 3585 

50 

26 

23 

2l\fo  Hydrochloric  acid 

3585 

.1+5 

III 

10 

V^ashing  soda 

3585 

9 

6 

' — 

^Seasons:  I9U0  - April  2 to  November  5 > 32  streaks;  I9UI  - April  1 to 
November  U,  32  streaks;  19^2  - April  8 to  December  9,  35  streaks;  19U3  * 
April  5 '*^0  November  15^  32  streaks. 

=*‘’t'Chipped  v/eekly  all  season  without  chemical  treatment  for  purposes  of 
calibration.  . ; 

***Average  yield  in  grams  of  untreated  control  for  each  year  of  working# 
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Tatle  6.  Yield  results  for  study  .of  variations  in  frequency  of 
chipping  with  different  chemcal;treatments  on'  slash  pine 


••Chemical'-  : 
treatment  : 

Frecuency  of 
chipping 

• 19ii2  (l6  streaks) 

- . 19U3 

(32  streaks) 

: Aver  age  : 

:yield  'in: 

: grams*  : 

' ■ 'Pe'rceiit  ‘ 

^increase  or 
decrease 

Aver  age  : 

: yield  rn; 
: grams ♦ : 

Percent 

increase  or 
decrease 

Untreated 

Weekly 

"209h  ■ 

Uh59 

— 

% NaOH 

Weekly 

2267 

+ 8 

.. 

Vj%  NaOH 

Weekly 

2952 

, k9h9 

+ 11 

25^  NaOH 

Weekly 

2866 

^37 

5256 

+ 18 

6o?5  ^sOj^ 

Weekly 

3526 

+68 

6379 

^U3 

% NaOH 

Biweekly 

1554 

V-26 

2.%  NaOH 

Biweekly 

1698 

-19 

3132 

-30 

\x0%  HjSO, 

Biweekly 

-- 

i4567 

+ 2 / 

6o^  H|soi{; 

Biweekly 

2ii7 

+ 1 

U3I8 

- 3 

5%  NaOH 

Skip 

2U8U 

+19 

25^  NaOH 

Skip 

2620 

+25 

5314 

+19 

1^6%  HgSO^ 

Skip 

3032 

+U5 

6388 

+U3 

60%  H2So|^ 

Skip 

29I+5 

+lii 

5921 

+33 

UO/f  HpSO. 

Triweekly 

li0U7 

- 9 

60%  H2S0^ 

Ti*i  weekly 

3296 

-26 

♦Average  yield  in  grams  for  season  (19^2  - August  13  to  November  26; 
191:^  --  Apri‘l-'6-  to-'November' l6);  all-'-percents' are*  calculated  on  basis 
of  ,1/2  X 1/2  inch  untreated  weekly  chipping. 


Table  ?•  - Yield  results  for  study  of  variations  in  frequency  of 
chipping  with  different  chemical  treatments'  on  longlea-f  pine 


Chemi cal 
treatment 


Frequency  of 
chipping 


V 19ii2l(l6  streaks ) v 

: . Average : 

Percent  : 

: yield  in  ; 

increase  or  : 

: grams*  : 

decrease  : 

Average 
yield  in 
grams  * 


Percen 


’ercent 
increase  or 
decrease 


2675 


Untreated 

Weekly 

11+06 

5^  NaOH 

15^'  NaOH 

23%  NaOH 

Weekly 

Weekly 

YiTeekly 

1631+ 

1761 

19I+2 

hO%  H„SO, 

60%  I^SO^ 

Weekly 

Weekly 

2061 

555  NaOH 

23%  NaOH 

Biweekly 

Biweekly 

850 

1057 

hO%  HgSO^ 

60%  HgSOi^ 

Biweekly 

Biiveekly 

1298 

1531 

3%  NaOH 

23%>  NaOH 

Skip 

Skip 

1276 

1509 

h0%  HpSOi 
e0%  HgSOil 

Skip 

Skip 

1856 

2022 

h0%  HpSO, 

60%  i^soJI; 

Triweekly 

Triweekly 

— 

+16 

— 

+25 

3035 

+13 

+38 

3257 

+22 

3617 

+35 

+U7 

2962 

+11 

-1+0 

... 

.. 

-25 

1873 

-30 

- 8 

1885 

-30 

+ 9 

2271* 

-15 

- 9 

+ 7 

2829 

+ 6 

+32 

3011 

+13 

+1*1+ 

2990 

+12 

1185 

-56 

1911+ 

-28 

♦Average  yield  in  grams  for  season  (I9U2  - August  21  to  December  Ui 
I9U3  • April  6 to  November  1?):  All  percents  are  calculated  on  basis  of 
I/2-*  X l/2'  inch  untreated  weekly  chipping. 


Importance  of  Chemical  Cancentration 


Increased  concentrations  of  effective  chemicals  result  in  maximum 
increases  in  gum  yields,  but  this  higher  level  of  gum  yield  is  not  main- 
tained over  a very  long  period.  For  instance,  when  extremely  high  concen- 
trations of  sulphuric  acid  are  used,  such  as  90 j or  S6  percent  (con- 
centrated), immediate  gum  yields  are  generally  very  much  greater  for  several 
streaks.  This  high  yield  level  usually  decreases  shortly  to  that  for  lower 
concentrations,  possibly  because  of  temporary  damage  to  the  living  tissue 
for  some  distance  above  the  face,  or  because  of  a relatively . sudden  depletion 
of  oleoresin  below  the  level  of  synthesis  supply.  It  has  also  been  found 
that  a moderate  concentration,  such  as  60  percent  on  slash  pine,  brings  about 
good  results  the  first  season  but  appears  to  be  less  effective  during  suc- 
cessive years.  This  is  illustrated  in  tables  5 “to  7,  elusive.  Important 
factors  concerned  with  these  lowered  yield  increases  in  succeeding  years  are 
discussed  later  under  ’’Effective  Treatment  Period.” 

Increasing  the  amount  of  chemical  applied  influences  yields  in  a manner 
similar  to  that  of  increasing  concentration.  Results  v/ith  hea"vy  application 
at  weaker  concentrations  are  relatively  comparable . to  light  application  at 
higher  concentrations.  This  probably  holds  true  when  we  consider  the  total 
amount  applied  to  the  streak,  as  well  as  the  completeness  of  coverage  ob- 
tained. These  factors  are  covered  adequately  in  a recent  publication  by 
Dorman,  True,  and  Clements  (6).  This  was  also  emphasized  in  another  experi- 
ment (table  8)  where  considerable  care  was  taken  to  obtain  adeouate  and  com- 
plete coverage  of  the  face  in  applying  acid.  Increases  of  over  100  percent 
in  gum  yield  resulted  from  this  careful  treatment;  this  is  considerably  more 
than  resulted  from  only  average  care  in  treatment  as  indicated  in  tables  5 
7,  inclusive. 


Table  8.  - Yield  increases  in  slash  pine  obtained 
with  careful  treatment 


Type  of 
cupping 

: Type  of  chipping  : 

:Av,  weekly; 

Chemical  :yield  in  : 
treatment  ; : 

Percent 

of 

untreate.d 

Virgin  face 

Regular  l/2  x l/2  inch 

Untreated 

105 

100 

Virgin  face 

Regular  l/2  x l/2  inch 

k0%  HgSO^ 

232 

221 

Back  face 

Regular  l/2  x l/2  inch 

Untreated 

98 

100 

Back  face 

Regular  l/2  x l/2  inch 

U.0%  HgSOL 

168 

171 

Back  face 

Bark  cliip.  l/2  inch  ht. 

k0%  HgSoJJ  . 

21k 

218 
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Choice  of  the  optimum  concentration  for  any  one  species  treated  on  a 
given  schedule  must  depend  on  the  integration  of  all  factors  concei^ned. 

These  include  frequency  of  appli'cation,  the  effect  on  yields  during  suc- 
cessive years  of  treatment'.^*  and  thoroughness  of  application.  All  of  these 
were  considered  before  making  the  recommendations  i^eported  by  Mitchell  (25)* 
He  states  that  . • a iiO  percent  solution  of  sulphuric  acid  is  most  ef~ 
fective  on  slash  pine,  whereas  a 60  percent  solution  works  best  on  longleaf 
pine.  Thus,  for  best  results,  use  a I4.O  percent  solution  on  pure,  or  pre- 
dominately slash  pine  timber,  and  a 60  percent  solution  on  pure  or ^pre- 
dominately longleaf  pine  timber.  If  the  two  species  are  equally  represented, 
or  nearly  so,  use  the  60  percent  solution,”  - • 

Frequency  of  Chemical  Treatment  and  Chipping 

The  action  of  applied  chemical  stimulants  appeai-s  to  be  expressed  more 
in  prolongation  of  gum  flow  tlian  in  initial  acceleration.  Figure  1 indicates 
the  general  type  of  response  for  a typical  weekly  interval,  and  figures  2 to 
5 show  tiwfe  the  yield  results  for  longer  periods. 

The  average  amount  of  gum  exuded  during  the  first  I|.8  hours  following 
chipping  (fig.  1)  is  essentially  the.  same  for  treated  and  untreated  trees. 

The  basic  data  for  figure  :1 -v^ere  obtained  with  eontipuous- recording  gum-flov»r 
meters  (21),  thus  making 'it  possible  to  determine  that  b oth  the  treated  and 
untreate~streaks  show  .the  typical  diurnal  rise,  and  fall  in  rate  of  flow, 
running  more  during  the  day' and  decreasing  at  night.  After  about  the  first 
tv/o  days  the  average  daily  yield  of  gum  from  untreated  trees  gradually 
diminishes  from  day  to  day  (11,  21)  <.  The  flmr  of  gum  from  treated  trees, 
on  the  other  hand,  continues  at  approximately  the  same  rate  for  a much  long- 
er time  and  only  after  weeks,  instead  of  days,  does  the  daily  gum  output 
decline  to  negligible  amounts  (fig*  5)k 

It  is  evident^  trends  exhibited  by  different  frequencies 

of  chipping  and  chemical  treatment | that  a proportionately  greater  amount 
of  gum  can  be  obtained  from  chemically  treated  streaks,  than  from  untreated 
streaks  chipped  at  intervals  greater  than  one  week.  Figure  2 shows  that 

essentially  the  sDone  cjnount  of  gum  can  be  obtained  in  2 weeks  from  a single 
acid-treated  streak  as  from  'tv^/o  untreated  streaks  put  on  at  aveekly  inter- 
vals, and  (in  this  pase)  almost  80  percent  more  gum  than  from  a single  un- 
treated streak  during  the  same  interval.  On  a triw''eekly  basis  of  chipping 
and  treatment  (fig.  3)  almost  as  much  gum  can  be  obtained  as  if  the  trees 
were  chipped  at  ^veekly  intervals.  IfVhen  chipped  every  U weeks,  as  illustrated 
in  a typical  experiment  shown  in  figure  U,  the  yield  from  treatment  is 
about  double  that  obtained  without  applied  chemicals.  Diminishing  returns 
follow  at  longer  chipping  intervals,  since  after  8 weeks  (fig.  5)  there  was 
an  increase  of  only  120  percent  as  a result  of  treatment.  This  latter  is 
of  theoretical  interest  only,  however,  as  such  long  chipping  intervals  are 
not  economically  practical,  and  \vould  not  be  recommended  for  general  use. 

Thus,  there  is  a definite  interval  of  chipping  and  treatment  that 
will  result  in  maximum  yields  consistent  with  the  amount  of  labor  expended. 
The  only  full  season’s  results  available  now  for  different  intervals  are 
for  weekly,  biv/eekly,  and  triiveekly  chipping  and  t reatment  (tables  6 to 
9,  inclusive).  The  biweekly  results  (tables  6 and  7)  ^ wdiole  season’s 

treatment  with  acid  substantiate  the  trend  showm  in  figure  2,  i.  e.,  just 
as  much  gum  during  lU  days  from  a single  acid-treated  streak  as  from  two 
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weekly  untreated  streaks.  Although  no  adeauate  basis  for  a comparison  of  the 
triweekly  results  is  available  in  the  chemical  stimulation  data,  ample  yield 
records  are  available  from  previous  experiments.  These  provide  a good  basis 
for  estimating  I'atios  of  treatment  yields  to  untreated  streaks  at  various  in- 
tervals of  chipping. 

These  are  the  basic  data  for  Mitchell’s  19^1-  recommendation  (25)  for 
periodic  acid  treatment:  "...  applying  sulphuric  acid,  imm.ediatel3r"after 
chipping,  to  all  streaks  chipped  during  the  spring  and  suimner  months."  As  he 
points  out,  maxim.um  total  production  for  a season  may  be  obtained  by  chipping 
and  treating  the  entire  croppage  on  the  average  of  once  each  week,  but  under 
conditions  of  labor  shortages  more  gum  may  be  obtained  by  applying  acid  each 
time  a tree  is  chipped,  regardless  of  the  freouency  of  chipping. 

An  interesting  variation  in  chipping  and  treatm.ent  schedules,  ^^ere 
considerable  yield  increases  over  regular  weekly  untreated  chipping  were  ob- 
tained, is  the  ”skip  treatm.ent,"  in  which  a tree  is  ci^ipped  each  week,  with 
acid  being  applied  every  other  v/eek,  (tables  6 and  7)*  This  treatm.ent  is  the 
only  one  showing  consistently  high  yield  increases  the  second  season,  with 
the  extra  gum  yields  approaching,  but  not  ouite  eoualing,  weekly  chipping 
with  acid  treatment. 

This  discussion  so  far  has  dealt  with  acid  treatment.  A strong  base, 
such  as  sodium  hydroxide,  does  not  prolong  the  flov,r  of  gum.  for  m.uch  longer 
than  one  week.  No  daily  gum-flow  measurements  were  made  with  base  treatment, 
but  repeated  weekly  w’-eighings  with  biweekly  chipping  and  treatment  with  sodium 
hydroxide  indicated  that  over  80  percent  of  the  increased  yield  came  in  the 
first  week.  It  has  also  been  noted  that  a number  of  treated  streaks  (using 
sodium  hydroxide)  must  be  put  on  before  yield  increases  are  built  up  to  a 
maximum.  These  facts  restrict  the  use  of  sodium  hydroxide  to  a regular  week- 
ly chipping  and  treatment  schedule  in  order  to  obtain  m.aximum  yields  for  the 
labor  expended. 
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ELAPSED  TIME  IN  DAYS 


ACCUMULATIVE  DAILY  GUM  YIELDS  OF  ONE  TREATED 
AND  TWO  UNTREATED  STREAKS  FOR  A TWO  WEEK 
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ELAPSED  TIME  IN  DAYS 


ACCUMULATIVE  CUM  YIELD  IN  GRAMS 


FIGURE  NO.  3 


COMPARATIVE  GUM  YIELDS  OF  UNTREATED 
WEEKLY  CHIPPING  WITH  TRIWEEKLY  CHIPRNG 


AND  TREATMENT 


9/23 


KVM  11/4 

ELAPSED  TIME  IN  WEEKS 


11/25 
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ACCUMULATIVE  YIELD  IN  GRAMS 


FIGURE  NO. 4 


ACCUMULATIVE  DAILY  GUM  YIELDS  FOR  A 
PERIOD  OF  4 WEEKS  FOLLOWING  TREATED 

AND  UNTREATED  CHIPPING 
LONGLEAF  PINE 
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ACCUMULATIVE  6UM  YIELDS  IN  GRAMS 


FIGURE  NO.  5 


COMPARATIVE  WEEKLY  GUM  YIELDS  FOLLOWING 
4 CONSECUTIVE  WEEKS  OF  CHIPPING  a TREATMENT 


9/30  11/25 

ELAPSED  TIME  IN  WEEKS 
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Depth  and  Height  of  Chipping  v/ith  Chemical  Stimulation 


Current  accepted  practice  in  height  and  depth  of  chipping  is  not 
static,  but  streaks  about  l/2  inch  in  depth  and  3/S  to  l/2  inch  in  height  are 
the  most  commonly  used.  With  chemical  stimulation  a need  arose  for  a further 
study  of  variations  .in  height  and  depth  of  chipping  using  different  chemicals 
at  different  concentrations,  and  of  the  concurrent  effect  of  freruency  of 
chipping.  Preliminary  studies  in  19^2  led  to  the  19^3  experiment  on  depth, 
height,  and  frequency  of  chipping  sumarized  in  tables  9 and  10, 

Only  tentative  conclusions  can  be  dravm  from  these  results  because  in 
general  only  yields  for  1 year  are  represented,  and  further  desirable  varia- 
tions in  height  of  chipping  (with  and  without  treatment)  v/ill  not  be  availa- 
ble until  later.  However,  a number  of  important  relationships  are  indicated, 
with  one  particular  treatment  being  outstanding. 

Statistical  analysis  of  the  data  for  height  of  chipping,  for  all  treat- 
ments combined,  showed  that  the  l/l4.-inch  height  gave  significantly  less  gum 
than  either  l/2  or  3/h  inches,  with  no  significant  difference  in  yields  be- 
tween the  ’two  latter  heights.  Examination  of  individual  treatment  totals  for 
the  various  heights  reveals  several  interesting  relationships,  but  these  are 
mainly  only  trends  and  need  further  clarification  that  'will  be  provided  by 
current  work.  Treatment  with  sodium  hydroxide  on  a weekly  or  biweekly  schedule 
showed  no  definite  trend  differences  (except  for  generally  low  yields  for  l/U- 
inch  height)  for  any  of  the  variations  in  height  and  depth  of  chipping.  A 
slight  trend  of  small  yield  increases,  with  weekly  or  biweekly  chipping  and 
treatment  with  sulphuric  acid,  was  indicated  for  the  height  over  1/2- 

inch  height  chipping  for  all  depths,  but  these  increases  were  too  small  to  be 
significant.  Thus,  on  the  basis  of  these  experiments,  chipping  1/2  inch  in 
height  appears  to  be  the  most  efficient  in  terns  of  seasonal  face  height  and 
maximum  gum  yields. 

The  most  important  outcome  of  these  experiments  was  the  revelation  that 
bark  chipping,  which  is  the  removal  of  the  outer  and  inner  bark  tissues  down 
to  but  not  including  the  'wood,  combined  with  treatment  with  sulphuric  acid, 
consistently  gave  greater  yields  than  any  other  treatment  combination  used. 
Preliminary  results  in  19^  indicated  that  bark  chipping  l/2  inch  in  height 
treated  with  iiO-percent  sulphuric  acid  consistently  resulted  in  greater  yields 
than  regular  acid-treated  chipping  l/2  inch  in  depth  and  l/2  inch  in  height. 

The  experiments  reported  in  tables  9 10  substantiated  the  preliminary  con- 

clusions, and  these  were  further  strengthened  by  the  results  of  separate  ex- 
periments indicated  in  table  8.  All  these  formed  the  basis  for  the  statements 
made  in  reporting  a preliminary  model  of  a tool  designed  especially  for  bark 
chipping  (37)*  Continuation  of  these  experiments,  and  more  intensive  current 
trials  of  height  variations,  ivill  provide  a more  adeouate  basis  for -judging 
optimum  heights^  of  chipping  with  chemical  treatment  and  bark  chipping. 
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Table  9*  - Yield  results  with  variations  in' frequency ^ depth,  and  height  of 
chipping  using  different  ch^ical  stimulants  for  th^  1943  season  with 
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.vorage  yield  in  grams  for  untreated  control  for  30  streaks  (April  15  - November  4,  1943) ♦ All  other 
figures  indicate  the  percentage  increase  or  decrease  in  yields  compared  with  this  as  the  control*  • 


Table  10 • - Yield  results  with  variations  in  frequency^  depth,  and  height  of 
chipping  using ;differen~cheini cal  stimulants  for  the  1^43  season  V'rith 
longleaf  pine 
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yield  in  grams  for  untreated  control  for  30  streaks  (April  23—  November  12,  1943)  • All  other 
indicate  the  percentage  increase  or  decrease  in  yields  compared  v/ith  this  as  the  control* 


Effective  Treatment  Period 


An  important  factor  directly  concerned  with  the  continued  successful 
and  profitable  use  of  chemical  stimulants  in  successive  years  of  working  is 
the  effective  treatment  period.  This  may  be  defined  as  that  period  during 
which  a given  chemical  treatment  and  chipping  schedule  will  result  in  maxi- 
mum gum  yields  consistent  with  the  effort  expended.  The  two  most  important 
features  affecting  this  period  are  the  intensity  and  duration  of  chemical 
treatment . 

The  magnitude  of  the  extra  gum  yield  associated  with  the  application 
of  a chemical  stimulant  increases  as  the  season  advances  (fig.  6).  Studies 
of  seasonal  trends  based  on  weekly  chipping  with  acid  treatment  indicate  that 
increased  yields  due  to  applied  chemicals  reach  a maximum  -a  little  past  mid- 
season. A sharp  decline  in  effectiveness  of  applied  chemicals  begins  to  occur 
after  about  20  treated  streaks,  and  eventually  reaches  a point  at  xviiich  no 
significant  yield  increases  are  obtained.  This  pertains  particularly  to  the 
more  intensive  treatments  such  as  weekly  chipping  with  acid.  Thus  there  is  a 
period  of  as  much  as  10  weeks  at  the  end  of  the  season  hvhen  little  or  ho  extra 
gum  yield  is  obtained  due  to  applied  chemicals.  The  length  of  this  period 
may  vary  because  of  a number  of  circumstances  which  include  the  time  chipping' 
and  treatment  starts  in  the  spring,  the  number  of  treated  streaks,  the  inten- 
sity of  treatment,  and  seasonal  variations. 

When  chipping  and  treatment  are  started  in  late  spring  and  early  .summer, 
the  decline  in  increased  gum  production  usually  comes  later  in  the  year,  but 
in  any  event  occurs  several  weeks  before  the  end  of  the  season.  The  number  of 
treated  streaks  probably  plays  the  biggest  role  here  in  that  the  more  treated 
streaks  put  on  before  the  time  of  the  natural  seasonal  decline,  the  sooner  the 
reduction  in  the  magnitude  of  yield  increases.  The  converse  is  also  true. 

The  fewer  treated  streaks  each  tree  receives  before  reaching  the  usual  point 
of  diminishing  gum  yields,  the  more  prolonged  is  the  period  of  increased  gum 
flow.  Intensity  of  treatment,  however,  may  modify  this  trend,  since  usually 
the  more  intensive  treatments,  although  resulting  in  maximum  gum  production, 
have  a shorter  effective  treatment  period.  Weekly  chipping  with  acid  treat- 
ment falls  in  this  latter  category,  A less  intensive  treatment  fs  the  ”skip" 
schedule  with  xveekly  chipping  and  acid  treatment  of  every  other  streak.  The 
use  of  stronger  acid  concentrations  and  complete  thorougliness  of  application 
would  also  contribute  to  a more  intensive  treatment  and  tend  to  shorten  the 
effective  treatment  period.  Weather  conditions  which  change  the  usual  season- 
al trends  also  probably  influence  the  length  of  the  period  in  which  applied 
chemicals  are  effective. 

Intensive  treatments,  besides  their  influence  on  the  end  of  'the  ef- 
fective treatment  period,  also  affect  the  results  at  the  beginning  of  the 
next  season’s  work.  For  instance,  if  the  intensity  of  the  previous  season’s 
chemical  treatment  has  been  high,  then  the  yields  of  the  first  few  treated 
streaks  generally  will  not  be  above  those  of  the  untreated  streaks*  Most 
factors  affecting  the  duration  of  effective  treatment  period  also  affect  the 
number  of  initial  unproductive  treated  streaks  put  on  in  the  spring.  Several 
possible  factors  are  concerned  in  this  ’'carry-over”  result,  and  fortunately  a 
procedure  is  available  to  reduce  this  unproductive  initial  period. 
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AVERAGE  WEEKLY  YIELD  IN  GRAMS 


FIGURE  NO.  6 


SEASONAL  TRENDS  IN  AVERAGE  WEEKLY  GUM  YIELDS 

FROM  TREATED  AND  UNTREATED  TREES 
SLASH  PINE 


STREAK  NUMBER 
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The  trees  in  the  experiment  reported  in  table  p reCeix^ed^  for  the 
first  time^  three  untreated  weekly  chippings  at  the  end  of  the  I9I4.3  season. 
This  resulted  in  the  removal  of  most  of  the  wood  seriously  affected  by  acid 
treatment  during  19U3*-  is  significant  that  the  first  four  treated  streaks 
in  19itl^  receiving  the  l4.0-percent  sulphuric  acid  showed  a large  increase  in 
yield,.  This  was  the  first  time  this  had  occurred^  as  the  first  three  or  four 
treated  streaks  in  I9I42  and  19U3  showed  little  or  no  stim.ulation  in  yield « 
Other  experiments^  in  which  untreated  streaks  were  put  on  at  the  end  of  the 
19U3  season,  also  showed  the  same  response  in  the  spring  of  19i44«. 

The  results  of  an  extreme  in  intensity/-  of  chemical  treatment  are  sum- 
mariged  in  table  11^  In  this  experiment  chemical  treatments  were  started  in 
April  19U2f,  and  continued  without  the  usual  winter  rest  period  until  August 
of  the  next  year.  During  the  regular  chipping  season  a substantial  yield 
increase  of  63  percent  was  obtained*  Continued  treatm.ent  during  the  winter 
and  the  first  portion  of  the  next  season  showed  an  actual  decrease  in  yields 
from,  the  treated  streaks b The  effective  treatment  period  for  the  first 
season  for  weekly  acid  treatment  extended  from  April  through  September^  with 
an  average  increase  of  70  percent  for  this  period,^  This  is  in  contrast  to 
only  63  percent  when  based  on  a nonnal  season ^s  results^.  From  September 
19^42^,  through  August  19U3^  none  of  the  treated  -streaks  gave  significantly 
more  gum  than  the  untreated  streaks.  This  illustrates  the  detrimental  ef* 
feet  of  the  wrong  use  of  a.n  intensive  chemical  treatments 


Table  11.  ^ Yield  results  for  continuous  chipping  and  treatment  for  a total 
of  70  strea^F^CAprir  1^42  to"  A^ust  f 


Period 

i First 

i 4/12 

season  i Winter 

vj23tM 

season 

^ U/l2/to 

t Second  s 

lU/12  - 6/ 

eason 

Chipping  freouency 
and  chemical 
treatment 

1 Average  i Average 

2 yield  in  j s yield  in 

5 grams  : grams 

: 5 decrease  S’ 

sPei'cent 

^decrease 

1 Average! 
1 yield  in? 
s grams  2^ 

Percent 

decrease 

Weekly 

Untreated 

28U7 

1301 

2153 

k0%  HgSO^ 

k0k6 

"^•63  1126 

-13 

2110 

- 2 

Biweekly 

Untreated 

I37h 

v>L3 

__ 

U0j$  H^SOi^ 

3026 

■^22  1150 

*’12 

1688 

-22 

Delayed  acid^ 

2201 

•>12 

’i'Chippirig  every  other  weok^  with  acid  applied  1 week  after  chippingv* 


I 
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A treatment  of  moderate  intensity,  such  as  20-percent  sulphuric  acid 
applied  to  weekly  chipping,  does  not  appreciably  decrease  in  effect i^’^eness 
from  year  to  year  (table  5)-  Another  conservative  treatment,  given  for  only 
the  last  half  of  the  first  season,  and  illustrated  by  the  l;0-percent  sul- 
phuric acid  skip  treatment  summarized  in  table  6,  shows  little  or  no  decrease 
the  second  year  in  its  stimulating  effect.  The  increased  yields  during  the 
effective  treatment  periods  for  this  latter  treatment  were  respectively  UQ 
and  52  percent  for  the  19^2  and  19U3  seasons. 

It  is  thus  evident  from  all  results  to  date  that,  in  general,  not  only 
is  the  continued  use  of  some  chemical  treatments  beyond  the  effective  treat- 
ment period  economically  unsound,  but  an  actual  decrease  in  yields  can  be  ex- 
pected in  successive  years , of  treatment,  particularly  when  intensive  acid 
treatftients  are  used.  To  avoid  this  difficulty  two  alternatives  are  possible. 
First,  intensive  acid  treatments  can  be  stopped,  but  chipping  continued,  at 
the  end  of  the  effective  treatment  period.  Second,  less  intensive  acid  treat- 
ments m-ay  be  continued  somewhat  longer  but  in  no  event  past  the  effective 
treatment  period.  Preliminary  results  consistently  show  that  the  addition  of 
a minimum  of  about  U or  6 untreated  streaks  after  treatments  stop  in  the  fall 
will  reduce  or  eliminate  the  first  unproductive  treated  streaks  put  on  the 
following  spring.  This  procedure  should  invariably  be  applied  to  both  the 
alternatives  mentioned  above. 

Effect  of  Chemical  Stimulants  on  the  Trees 

One  ouestion  freouently  raised  by  those  interested  in  using  cheirdcal 
stimulants  concerns  the  effect  on  the  health  and  future  productive  capacity 
of  the  tree.  An  effective  answer  is  provided  in  the  fact  that  no  tree  in 
our  experiments  has  over  been  killed  through  chemical  treatment,  and  most 
important,  trees  that  are  now  in  their  fourth  year  of  treatment  are  still 
producing  more  gum  than. those  not  treated, 

A comprehensive  study  of  the  effects  of  chemical  stimulants  on  trees 
has  been  underway  since  the  initiation  of  intensive  v/ork  early  in  19^*  The 
first  report  (hi),  dealing  with  resin  soaking  and  crown  appearance,  was  based 
in  part  on  trees  v/hich  are  now  in  their  fourth  year  of  treatment.  The  authors 
found  that  ”No  serious  injury  resulting  from  chemical  treatment  has  been  noted 
either  on  trees  in  the'  controlled  experiments  at  Olustee,  Florida,  or  on  trees 
in  those  commercial-scale  tests,  in  Georgia  and  Florida  which  ¥;ere  car-efully 
examined,”  They  also  specif ically  state  that  ”,  . .(l)  The' red  lightvvood  con- 
dition induced  in  acid-treated  faces  is  not  dry  face,  and  does  not  develop 
into  dry  .face  although  dry  face  may  occasionally  be  found  in  such  trees  just 
as  it  is  in  untreated  trees,  (2)  On. the  basis  of  crown  appearance  it  seems’ 
to  be  impossible,  after  3 f^H  seasons  of  working,  to  distinguish  acid-treat- 
ed trees  from  trees  that  have  been  chipped  Vvi-ithout  treatment;’* 

Conclusions  from  the  earliest  v/ork  reported  in  Gemany  by'Kublun  (17) 
mentions  that  ”No  damage  to  trees  v/as  found  after  a full  season*s  work.” 
Hessenland  (15)  reports  that  in  the  1935  experiments  using  over  8000  faces, 
’’Damage  to  the  trees  has  not  been  observed  so  far,”  In  his  1938  report 
Loycke'  (2U)  states  that  Splitter  in  195^  found  that  ”The  effectiveness  of  the 
stimulan~is  not  diministed  when  the  tree  is  treated  for  a number  of  years,” 

No  statements  were  made  by  Russian  workers  (in  the...available  literature)., as  to 
the  effect  of  chemical  stimulants  on  the  tree.  ' ' 
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Results  of  portions  of  other  experiments  performed  at  this  station  in- 
directly support  the  conclusion  tliat  no  serious  permanent  ham’  is  done  to  the 
tree  by  chemical  stimulants.  One  example  is  furnished  by  the  preliminary 
multiple-cup  experiments  using  as  many  as  nine  acid-treated  faces  per  tree. 

In  this  instance  enormous  yields- of  gum  were  obtained  from  single  trees  over 
a portion  of  the  season,  amounting  to  many  times  the  yields  usually  obtained 
from  single  trees  in  that  period*  In  spite  of  this  large  drain  on  the  tree’s 
reserves,  and  the  lack  of  any  uninterrupted  bark  bars,  these  trees  are  still 
alive  1 year  later  although  growing  m.uch  slower.  In  another  instance  about 
four  ouarts  of  i4.0-percent ' sulphuric  acid  per  tree  were  taken  up  during  the 
season  from  shields  placed  around  freshly  cut  streaks.  Although  considerably 
more  gum  was  dipped  from  these  trees  than  is  usually  obtained  'in  one  season, 
no  ham  was  done  to  the  trees  from  the  standpoint  of  impairing  further  gum 
yields  or  causing  any  apparent  injury.  The  use  of  concentrated  sulphuric 
acid  also  appeared  to  result  in  no  damage  to  the  tree,  although  it  necessi- 
tated the  removal  of  more  wood  per  streak  after  a period  of  treatment;  this 
treatment  is  not  recommended  for  use  in  any  event. 

This  experience,  combined  with  the  abundant  evidence  obtained  in  pre- 
vious experiments  here  and  abroad,  Jrtiakes  it  possible  to  state  conclusively 
that  no  apparent  permanent  injury  to  the  tree  results  fi*om  the  use  of  chemical 
stimulants  to  increase  gum  yields. 

Effect  of  Chemicals  on  Gum  and  Its  Constituents  ...  - 

Comparative  tests  on  gum  grades  and  relative  amounts  of  turpentine  and 
rosin  were  begun  with  the  inception’ of  the  use  of  chemicals  in  stimulating 
yields,  both  in  this  country  and  in  Europe.  The  consensus  is  summarized  in  a 
recent  report  (29):  ’’From  reSul'ts  of  the  tests  made  so  far,  there  appears  to 
be  no  reason  fo~ not  using  acid  or  caustic  soda  stimulation  as  far  as  rosin  • 
grades  and  yields  of  turpentine  and  rosin  are  concerned." 

Early  Russian  and  Geman  workers  made  essentially  the  same  statement, 
but  qualified  it  by  saying  that ‘when  excessive  quantities  of  the  chemicals 
were  present  in  the  original  gum  samples,  differences  were  noted  in  some  of 
the  physical  properties  and  chemical  constituents  of  the  gum^  and  in  the 
products  of  distillation.  These  findings  have  been  well  summarized  by 
Hessenland  (II4.)  and  Sand^fmann  (33)*  They  point  out  certain  disadvantages 
obtaining  fo~ specific  rosin  Uses  when  excess  hydrochloric  acid  is  present 
in  the  gum.  According  to  these  authors,  however,  these  disadvantages  are  not 
evident  when  modern  gum-cleaning  processes  are  used  during  distillation  pro- 
cedures, or  when  care  is  originally  taken  to  avoid  excess  acid  in  the  gum. 

This  latter  can  be  done  by  care  in  treating  with  proper  applicators  such  as 
well-controlled  sprays;  "painting"  on  the  chemicals  with  brushes  or  swabs  is 
not  the  best  procedure  because  of  the  danger  of  excess  acid  in  the  gum  caused 
by  dripping.  Also,  greater  yields  were  obtained  v/ith  sprays  (39)  * 

Comprehensive  studies  of  the  effects  of  chemical  stimulation  on  gum 
grades;  and  the  yields  of  turpentine  and  rosin  and  their  chemical  and  physical 
characteristics,  were  begun  early  in  19U3  by  the  Naval  Stores  Division  of  the 
Bureau  of  Agricultural  and  Industrial  Chemistry  in  cooperation  with  the  Forest 
Service.  A preliminary  report  (29)  covers  only  a portion  of  this  study,  which 
is  being  continued  in  19^«  It  was  found  that  cloudy  rosin  is  sometimes 
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obtained  from  gum  from  acid-treated  trees  when  processed  on  a fire  still* 
However,  as  Mitchell  (25)  points  out,  "According  to  present  information  rosin 
grades  are  unaffected  chemical  stimulation  if  the  gtan  from  treated  trees 
is  either  blended  or  properly  cleaned  in  processing,” 

Large-Scale  Tests  of  Chemical  Stimulants 

Shortly  after  the  success  of  the  initial  1933  experiments  in  Gemany 
(12),  trials  were  made  on  a much  larger  number  of  Scotch  pines.  Hessenland 
(TJ)  mentioned  a total  of  over  8500  trees  in  the  1935  tests,  with  considei*- 
abTe  yield  increases  being  obtained  TArith  25-percent  hydrochloric  acid*  The 
1937  tests  described  by  Loycke  (2l|.)  included  over  350,000  trees  about  eoual- 
ly  divided  between  three  separate  areas.  Yield  increases  for  the  three  areas 
were  208,  265,  250  percent.  He  concluded  that  "The  results  of  earlier 

smaller-scale  studies  by  Hessenland,  Kublun,  and  Splitter  apply  equally  well 
to  other  forest  and  climatic  conditions,  and  on  a large  commercial  scale.” 

Acid  stimulation  tests  (^),  conducted  under  the  19^2  Naval  Stores  Con- 
servation Program  on  about  72,000  trees  on  ly  different  operations,  showed 
yield  results  varying  from  a decrease  of  9 percent  to  an  increase  of  38  per- 
cent. Investigations  showed  that  the  poorer  results  obtained  on  some  acid 
test  areas  could  almost  always  be  traced  to  poor  v’-orkmanship  in  regularity  , • 

of  chipping  and  adequacy  of  chemical  treatment. 

Doman  (5)  reports  that  in  ,19^4-3  a total  of  13  out  -of  llj.  commercial 
operations  keeping  careful  records  on  a total  of,  approximately  90,00.0  trees, 
obtained  substantial  yield  increases  by  the  use  of  chemical  stimulants* 

There  w’ere  nine  operations  that  showed  increased  net  profits  from  stands  re- 
ceiving chemical  treatments.  Frequent  inspections  and  analysis  of  all  factors 
concerned  indicated  that  increased  yields  were  directly  correlated  with  the 
quality  of  workmanship,  since  sufficient  quantities  of  the  chemical  adequate- 
ly applied  to  regularly  chipped  streaks  resulted  in  material  increases*  • 

The  potential  and  actual  profits  to  be  derived  from  commercial  opera- 
tions have  been  discussed  by  Mitchell  and  Dorman  (26).  .They  summarize  the 
results  of  the  19^  tests  and  present  a comprehensive  discussion  of  the 
economics  of  chemical  stimulation. 

Physiological  and  Anatomical  Studies 

Although  European  workers  have  studied  the  physiological  processes  in- 
volved in  gum  exudation  (2,  15,  16,  28,  U3) , and  the  attendant  increases  in 
flow  with  chemical  stimulation  (T7  237  30,  1^),  there  is  little  agreement  as 
to  the  exact  chemical,  physical,”’and~an~ominal  conditions  that  exist.  This 
confusion  is  probably  natural  in  that  relatively  little  basic  physiological 
and  anatomical  work  has  been  done  on  oleoresin  formation,  transport > and  ex-, 
udation  alone,  without  the  complications  of  chemical  treatment.  The  work  of. 
MUnch  (28)  is  most  widely  quoted,  but  other  workers  have  made  equally  im- 
port ant~ontribut  ions  . Space  is  not  available  here  to  summarize  the  work  that 
has  been  done,  but  moderately  comprehensive  summaries  are  available  (7,  35* 
Uo) . The  simplest  published  explanation  has  been  made  by  Hall  ot  al  (F,  9, 

10)  who  briefly  present  a picture,  of  some  -iphysiological  factors  concerned 
with  oleoresin  production.  This  is  far  from  ,a  complete  resume,  of  the  in- 
ternal phases  that  are  concerned,  but  serves  as 'an . introduction  to  the  com- 
plicated pattern; we  have  only -glimpsed.  ' . '•  ‘ 
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Most  investigators  are  of  the  opinion  that  chemicals  influence  gum  flow- 
in  pines  by  bringing  about  numerous  synchronized  physiological  and  anatomical 
changes.  These  changes  involve,  among  other  things:  (1)  increasing  the  ef- 
fectiveness of  the  radial  system  of  resin  ducts;  (2)  keeping  gum  passages  open 
for  longer  periods  of  time;  (3)  maintaining  gum  in  a more  fluid  state  by  re- 
tarding  crystallizatidn  internally;  and  (U)  increases  in  metabolic  level— the 
formation  or  synthesis  of  precursors^  and  oleoresin  itself. 

Several  valuable  leads,  from  the  standpoint  -of  practical  application, 
resulted  from  early  fundamental  studies  of  chemical  stimulants  in  naval  stores 
at  this  station.  One  of  these,  the  effect  on  yields  of  deep  gutter  insertions 
using  a broadax  (36),  was  an  outgrowth  of  studies  designed  to  delimit  the 
source  of  the  extra  gum  obtained  from  chemical  stimulation.  Another,  stemming 
from  other  portions  of  the  same- study,  was  the  initial  use  of  bark  chipping  on 
slash  and  longleaf  piries'  (37)«  The  synergic  effect  of  added  arsenic  (38)  and 
of  phosphorous  was  first  found  in  studies  of  the  effects  of  various  classes  of 
chemical  compounds  on  gum  yields.  ''  " • ^ , 

SUMMARY  • 

This  paper  is  devoted  primarily  to  the  presentation  of  the  results  of  * 
experimental  work  on  chemical  stimulation  of  gum  flow  performed  in  19^2  and 
19l;3  0^1  the  Olustee  Experimental  Forest,  Lake  City,  Fla.,  with  major  emphasis 
placed  on  those  phases  which  were  important  as  the  basis  for  the  19^4-5 
19^44  recommendations.  No  attempt  is  made  to  summarize  all  the  work  previous- 
ly published,  but  pertinent  papers  and  historical  background  are  described 
briefly. 

The  following  brief  statements  summarize  the  more  important  findings 
of  the  experimental  work  of  19U2  and  19^3 • 

1.  Consistently  greater  yield  increases  have  been  obtained  with  sul- 
phuric and  hydrochloric  acids  than  with  any  , other  single  chemical^ used. 

2.  Still  further  yield  increases  have  resulted  from  treatments  with 
chemical  combinations  of  sulphuric  acid  with  such  substances  as  sodium 
arsenite,  potassium  phosphate,  and  potassium  aluminum  sulphate. 

3*  After  a consideration  of  all  factors,  the  most  effective  concentra-, 
tion  of  sulphuric  acid  for  treating  slash  pine  was  found  to  be  UO  percent, 
with  60  percent  the  best  for  longleaf  pine.  Adequate  chemical  application 
was  found  to  be  almost  as  important  as  concentration,  with  yield  increases 
up  to  121  percent  being  obtained  with  careful  treatment. 

- U*  Greatest  yield's  were  obtained  from  weekly  chipping  with  acid  treat- 
ment. Under  conditions  of  labor  shortages  necessitating  less  freouent  chip- 
ping, however,  greatest  yields  can  be  obtained  by  applying  acid  each  time  a 
tree  is  chipped.  A skip  treatment,  in  which  v/eekly  chipping  is.  combined .^vith 
acid  treatment  every  other  week,  also  showed  considerable  promise  as  a method 
to  obtain  increased  gum  yields. 

5.,  The  most  outstanding  result 'of  the  studies  of  the  effects  of  dif- 
ferent depths  and  heights  of  chipping  combined  with  chemical  treatment  was 
the  ijcicreased  yields  associated  with  bark  chipping.  It  was  found  that  taking' 
off  only  the  bark  down  to  but  not  including  the  weod,  and  treating  with  acid, 
gave  greater  yields  than  acid  applied  to  any  streak  cut  into  the  wood. 
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6.  Weekly  yield  records  of  treated  and  untreated  trees  indicated  that 
after  .about  20  streaka  the  increased  yields  associated  with  the  more  inten- 
sive chemical  treatments  usually  decline.  Continued  chipping  without  chemi- 
cal treatment  for  the  remainder  of  the  year  is  economically  sound  and  leaves 
the  trees  in  better  condition  to  respond  to  chemical  treatments,  the  f.o.rioaving 
season. 

7.  All  studies  combined,  both  here  and  in  Europe,  indicated  conclusive- 

ly that  no  apparent  permanent  injury  to  the  tree  results  from  the  use  of  chemi- 
cal stimulants  to  increase  gum  yields,  ' “ 

8.  There  appears  to  be  no  reason  for  not  using  acid  stimulation  as  far 
as  rosin  grades  and  yields  of  turpentine  are  concerned, 

9.  Large-scale  tests  made  on  more  than  30  commercial  operations  shov/ed 
that  greatly  augmented  yields  may  be  obtained  under  optimum  conditions  of 
chemical  treatments,  and  that  acid  treatment  is  economically  feasible. 

10.  Although  many  of  the  fundamental-  physiological  and  anatomical 
responses  and  conditions  associated  with  chemical  stimulation  are  knovrn,  no 
single  adeouate  explanation  covering  all  phases  of  the  complex  reactions  can 
be  formulated  at  this  time.  '7 
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